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' PHOSPHATE ESTERS OF
HYDROXY-PYRENE-SULFONIC ACIDS

‘The invention relates to new fluorogenic and readily
water-soluble esters of phosphoric acid which, on expo-
sure to phosphatases, form a highly fluorescent colored
- anion and can be used for an advantageous method of -

determination of phosphatases. |
- Fluorimetric procedures for the determination of
phosphatase activities have already been known for a
considerable time (Guilbault, Enzymatic Methods of
Analysis, Pergamon Press 1970). Fluorimetry is so sen-

- sitive that, using it, it is possible to detect and determine =~
' 15
phosphatase reagents used for fluorimetry are phos-

even extremely low concentrations of enzymes. Known

phoric esters of umbelliferone (G. G. Guilbault et al.,
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“Anal. Letters 1 (1968) 333), of 4—-methylurnbelhferone .

(H. N. Fernley, P. G. Walker, Biochem. J. 97 (1965) 95),
of flavonol (D. B. Land, E. Jakim, Anal. Biochem. 16,

20

(1966) 481 ), of a-naphthol (D. W. Moss, Clin. chim.

Acta 5, (1960) 283), of B-naphthol (L. J. Greenberg,
'Blochem Biophys. Res. Comm. 9 (1962) 430) and of
3-0-methylﬂuoresce1n (H D Hill et al., Anal BIG-
chem. 24 (1968) 9). | |

All these reagents are soluble in water to only a very
- limited extent. |
- The object of the present mventlon is to make avail-
- able reagents for the fluorimetric detection and determi-
nation of phosphatases which reagents have a consider-

- ably better solubility in water. This object is achieved

by using the esters of phOSphOrlC acid accordlng to the
mvention.

The invention relates to new esters of phOSphOI‘lC
- acid of the formula | |

oM.
||/ |

—(SO3M)3

in whlch

25

30

:!_ o .

- The esters of phosphoric acid of the formula (1) ac- o
cording to the invention can be prepared by, in the first
place, reacting hydroxyl compounds of the formula -

in which | | )
the radicals M! are identical or different and repre- o

sent hydrogen or an alkali metal 1 10n or ammomum
ion,

with a phosphorus pentahahde such as phosphorus L

~ pentachloride or pentabromide, in a molar ratio of,

~ preferably, about 1:3 to 1:5, and then hydrolyzmg the |
35

45

~ the radlcals M are 1dent1cal or dlfferent and represent |

hydrogen, an alkali metal ion or an ammonium ion
which can be substituted by 1-4 C; to Cs—alkyl

 radicals, preferably Ci to Cs-alkyl radlcals, Whmh

-optionally contain a hydroxyl group.
Accordmg to the invention, esters of phosphorlc amd of
the formula | |

.. MO3S

- are preferred. -

55

- thanolamine,
propanolamine and tnprOpanolamme Ammonium hy- -
‘droxides which may be mentioned are tetramethylam-
monium, tetraethylammonium, tetraprOpylammonlum- .

and tetrabutylammonium hydroxide. | |

65

dlhalogen0phosphonyloxy compound obtained.

The reaction is preferably carried out in the presence :

- of a solvent or diluent in the temperature range from o
o _ |

—3° to 100° C,, preferably at 20°-90° C. . |
- Suitable solvents and  diluents are orgamc llqmds |

which are inert under the reaction conditions, such as _

toluene, chlorobenzene, dichlorobenzene, dichloro- D
- methane, chloroform, tetrachloromethane, dichloroeth-

- ane, dichloropropane, trlchloroethylene, acetonitrile,

dioxane or tetrahydrofuran.
‘The hydrolysis of the intermediate dlhalogenophos- |

phonyloxy compounds to give I can be carried out, for N
- example, by carefully warming to about 50° C. with

water, but it can be carried out under milder conditions

~at temperatures of 0°-25° C. by neutralization with
30

alkali metal hydroxide or alkali metal carbonate solu-
tion or aqueous ammonia, amines or ammonium hy-

droxides. The alkali metal or ammonium salts obtamed ' o

are then evaporated to dryness In vacuo.
Examples of suitable amines are dlprOpylanune dlbll-

tylamme, triethylamine, trimethylamine, tripropyla- -

diethanolamine, -
triethanolamine,

mine, tributylamine, N-methyldie-

propanolamine, di-

The acid form, (I) with M=H, is advantageously. |
obtained by filtering the agueous solution of the alkali -

metal or ammonium salt through an acid ion exchanger =
column and 1f desired, evaporatlng the so]utlon ob- o
tained. .
The hydroxypyrenetrlsulphomc acids (II) to be used - |
~as starting compounds in the process accordlng to the -

_ '(Ir) -
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invention can be prepared in a manner known per se by
tetrasulphonation of pyrene and subsequent alkali fu-
sion, and can be obtained commercially under the name
Pyranin ®R).

The new compounds of the formula (I) are water-sol-
uble substances which have only pale colors and which,
in an aqueous medium, are cleaved by alkaline or acid
phosphatase to give the highly fluorescent anion of (II)
which has an intense yellow color.

The new phosphatase reagents of the formula (I) are
suitable for the direct detection of phosphatases in bio-
logical materials. It is possible to use them particularly
advantageously for the quantitative fluorimetric deter-
mination of alkaline or acid phosphatases in clinical
analysis.

They can be used for the determination of the activity
of phosphatases in a wide variety of body fluids (serum,
cerebrospinal fluid or urine). However, it is also possi-
ble to employ the reagents according to the invention,
in analogy to the teaching of U.S. Pat. No. 3,772,340,
for the measurement of the concentration of bacteria in
fluids (for example urine infected with bacteria). For
this purpose, in the first place, in 2 manner known per se
(for example osmometric shock or formation of sphero-
plasts) the bacterial enzymes, including the phospha-
tases, are liberated. It is then possible to draw conclu-
sions about the number of bacteria present from the
phosphatase activity determined using the compounds
according to the invention.

In the determination of the phosphatase activity, the
compounds according to the invention, becasue of their

excellent water-solubility, can be employed in the form
of aqueous solutions, optionally buffered to the desired
- pH (for example about 4.5-7 for acid phosphatases, and
about 7-10 for alkaline phosphatases). However, it is
- also possible to apply the new esters of phosphoric acid
- to a support in a manner known per se and to allow the
- detection reaction to take place in a heterogeneous
~phase. Examples of suitable support materials are filter
' paper or silicon dioxide which has been applied to an
- artificial material (for example polystyrene) and pro-
vided with an organic binder. It is possible in this man-
ner to produce test strips which start to fluoresce after
the fluid to be investigated has been applied, and the
fluorescence of which can be measured using a fluorim-
eter customary in clinical analysis. Quantitative deter-
mination of the phosphatase activity in an unknown
sample is possible when the time course of the fluores-
cence intensity in the aqueous solution or on the test
strip 1s compared with that of standards having a known
phosphatase content.

In the experiments which are described below, the
standards used were the following phosphatase prepara-
tions supplied by Sigma Chemical Co.:

(a) alkaline phosphatase (EC 3.1.3.1):
type I-S (P7640) |

from bovine testicular mucosa)

(b) acid phosphatases (EC 3.3.2):

type III (P6760) |

type IV-S (P1146)

type V (P1267)

(from wheat germ, potatoes, milk and bovine testes).

EC i1s the term used for the enzyme catalogue which
is valid internationally.

EXAMPLE 1

50 g (0.24 mole) of phosphorus pentachloride are
introduced, at 20°-30° C. with cooling and stirring and
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exclusion of moisture, into 400 ml of dry acetonitrile,
and then 21 g (0.04 mole) of trisodium 6-hydroxy-1,3,8-
pyrenetrisulphonate are introduced at the same temper-
ature, and the mixture is stirred without further cooling
for 20 hours. The resulting solution is discharged onto
750 ml of 1ce-water. The pH is adjusted to 7 by drop-
wise addition of about 108 g of 45% strength sodium
hydroxide solution (1.2 moles), the solution is left to
stand for 20 hours, filtered, and the filtrate is evaporated
using a rotary evaporator at 40° C. bath temperature
under waterpump vacuum. The residue is extracted
with 400 ml of methanol at boiling temperature for 15
hours, filtered and the filtrate is evaporated again at 40°
C. under vacuum. There are obtained 29.8 g of a pale
yellowish crystalline powder which is highly soluble in
water and contains, in addition to a little NaCl and

sodium phosphate, the compound of the following for-
mula as the major constituent:

The corresponding K or ammonium salts are pre-
pared in an analogous manner using aqueous KOH or
aqueous ammonia or an aqueous solution of triethanol-
amine. |

In order to follow enzymatic hydrolysis by phospha-
tases, excitation in the fluorimeter is at about 450 nm
and the extinction at 495 nm 1s measured.

EXAMPLE 2

The cell of a fluorimeter is filled at 23° C. with 3 ml
of a 0.1 molar aqueous citrate-buffered (0.05 mole of
citrate per liter) solution of the Na salt according to
Example 1, of pH 7.8, the excitation wavelength 1s set at
450 nm ad the emission wavelength is set at 495 nm, 0.1
mi of the body fluid (serum or cerebrospinal fluid)
which is to be determined for acid phosphatase activity
and the content of which should be of the order of 0.1
mg of phosphatase per ml, is added, and the change of
the fluorescence intensity with time is followed over a
period of about 1 to 3 min and compared with previ-
ously constructed calibration curves. The initial linear
rise 1n fluorescence intensity is a direct measure of the
enzyme activity. The detection limit for phosphatases
with the procedure described above is about 1X 103
enzyme units per ml.

Phosphatase from bovine testicular mucosa (enzyme
catalogue No. 3.1.3.1, type 1I-S), which can be obtained
commercially from Sigma Chemical Co., No. p-7640,
can be used as the calibration substance.

It will be appreciated that the instant specification
and examples are set forth by way of illustration and not
hmitation, and that various modifications and changes
may be made without departing from the spirit and
scope of the present invention.

I claim:

1. A compound of the formula



- MO3S”™ " TSO:M
in which = | | |

- M each independently is 'h.ydr'ogen,. an alkali metal o
- 1on, an ammonium ion, or an ammonium ion substi-
tuted by up to four C; to Cs-alkyl and/or hydroxy- -

 alkyl radicals.

2. A compound. accofding to claim 1 wherein M is

selected from the group consisting of Na, K and NH4+.

4,585,598
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- selected from the 'grgup*coasisgng of Na, K and NH4 .

in which

M each independently is hydrogen, an alkali metal
- ion, an ammonium ion, or an ammonium ion substi-
-~ tuted by up to four C; to Cs-alkyl and/or hydroxy-

alkyl radicals.

2. A compound according to claim 1 wherein M 1S
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